begun, and we are all in danger of making it out too definite and of assuming that it must stand or fall as a whole. As a matter of fact the points which are really in dispute are not so much points of theory as of experiment; but the theory is an important one and it is high time that it should be discussed.
To clear our minids I think it will be as well to recognize that there are two distinct topics which will come up. Hunter and Royle put forward, or at any rate put new life into, a theory of the sympathetic control of the tonic contraction of muscle, and they also described an operation, based on their theory, which they, claimed would benefit the spasticity of certain forms of paralysis. We have to consider both whether the theory is right and whether the operation is successful, and one may be right without the other. My own function is the simple one of reviewing as briefly as possible the physiological views which have already been published on the connexion of the sympathetic system with the tonic contraction of muscle. I am, unfortunately, in the unassailable position of having done no work on the subject myself; I have worked with decerebrate animals, but the only first-hand impression I have about tone is that it is an extremely difficult subject to investigate.
Before Hunter and Royle began their work, the position was as follows: Boeke, in 1909, described a system of accessory non-myelinated nerve-fibres in striped muscle. He found that these nerves supplied muscle-fibres which were also innervated by medullated nerve-fibres. They did not degenerate when the anterior roots were cut, and they appeared to belong to the sympathetic system. He confirmed this with Duisser de Barenne, and other workers agreed with him.
There seems to be no doubt now that these independent non-myelinated fibres do exist in certain muscles, that they supply some of the muscle-fibres, and that they do not belong to the cerebro-spinal system. The points that are doubtful are:
(1) Whether they exist in every muscle; (2) whether they supply a special type of muscle-fibre which is not innervated by medullated nerves. These points have been reviewed very clearly in a recent paper by Garven, in Brain.! As regards (1), the 1Brain, 1925, xlviii, pp. 380.441. AU-N 1 [February 11, 1926. position seems to be that in most muscles the accessory nerve-fibres exist, but in the muscles of a frog they have not yet been demonstrated as endiDg in the muscle-fibres themselves.
(2) Do the accessory fibres supply a distinct type of muscle-fibre not innervated by medullary motor-fibres ? This does not seem to me to be of crucial importance from the more general point of view as to whether the accessory nervefibres have a tonic function or not. But it is a part, though not, I think, an essential part, of Hunter and Royle's theory, that the sympathetic fibres innervate separate muscle-fibres of the " red" or narrow sarcoplasmic variety which have no supply from the cerebro-spinal system. This view was based on some of Kulchitsky's work, but at present all the evidence seems to be against it. Garven has made a very careful investigation of the muscles of the hedgehog and finds no clear separation into two. distinct kinds of muscle-fibre; he found that medullated nerve-fibres end in every type of muscle-fibre. Some muscle-fibres are innervated botlh by the accessory and the medullated fibres. From this very convincing new evidence it seems clear that this part of Hunter and Royle's theory is untenable. It is no great loss, for there were many other difficulties to be faced apart from the histological evidence. But although the theory of a separate system of tonic muscle-fibres with a separate nerve supply is untenable, it is still quite possible that the same muscle-fibre may react differently to the two sets of nerves. This brings us to the physiological evidence.
As soon as the existence of the accessory non-medullated nerve-fibres had been demonstrated, it was natural that various attempts should be made to discover their function, and the most likely possibility seemed to be that they were associated witlh tonic contraction. Whether or no there are really two fundamentally distinct kinds of contraction, we can at least distinguish two very different ways in which a muscle can behave. It may perform a series of rapid phasic movements, or it may hold the limb in a definite posture by the steady contraction which we speak of as " tonic." In the former case a great deal of energy is used up, the gaseous exchange is large, and the muscle fatigues readily. In the latter there is little fatigue, and there seems no doubt that the metabolism is much smaller, and much smaller than it would be if we produced a corresponding steady contraction by tetanizing the nerve. These two different kinds of behaviour are really at the opposite ends of a scale and a sharp distinction between them may be artificial, but in some invertebrates, e.g., bivalves, the distinction is real. In these animals there is no doubt that the two reactions are really carried out by two very different muscles or muscle-fibres. Thus we might well expect to find two distinct mechanisms in the vertebrates as well.
The classical example of the tonic contraction in a mammal is the state of decerebrate rigidity, Sherrington's " reflex standing," and after the discovery of Boeke's fibres many investigations were made to see if ablation of the sympathetic system had any effect on decerebrate rigidity. Van Rijnberk, Cobb, and Diusser de Barenne made this experiment in cats, and none of therm obtained a positive result.
In some animals destruction of the sympatlhetic on one side p)roduced a decreased tone, but in many it did not, and the negative result is more significant than the positive. We may call this the classical experiment, and it has remained the most important method of investigating the problem. However, de Boer and Langelaan did not accept these results as final, and sought in other ways to demonstrate a connexion between tone and the sympathetic. De Boer's work on frogs has been severely criticized, and it does not really account for the failure of the classical experiment. Langelaan made a new step by splitting up the conception of tone into two: contractile tonus and plastic tonus or plasticity. These concept'ions have had a good deal to do with the theory we are discussing, but as a matter of fact most of Langelaan's readers seem to have got as far as the two terms, contractile tonus and plastic tonus, and tllen put their own interpretation on them. At any rate, according to Langelaan's definition, an increase in plasticity means not that the muscle develops a greater resistance to a change in its length, but that it becomes more plastic, that it is extended more rapidly by a given weight. This seems to me to be a different conception from the plastic tone of Hunter and Royle, though whether it is more or less valuable is another matter.
The position, therefore, when Hunter and Royle began was that the classical experiment on decerebrate rigidity had failed to show a sympathetic influence, and other lines of experiment had been equally inconclusive. Hunter and Royle's work may be divided into three categories: (a) a repetition of the classical decerebration experiment on goats; (b) experiments on birds; and (c) experiments on man.
They found that if in goats the sympathetic was destroyed on one side some time before decerebration, there was a distinct difference in the behaviour of the two hind limbs: that on the affected side took up the extended posture given it, but did not retain it as long as the limb on the sound side. Hunter and Royle looked on this as a sign that plastic tone was reduced, l)lastic tone in their sense being the property which is responsible for the maintenance of any posture which the muscle has assumed, and they put forward their theory that this particular kind of tone is directly controlled by the accessory sympathetic fibres in the muscle. Now, it is obvious that this result is something quite different from the earlier results with the decerebrate experiment. Hunter and Royle describe differences in the two limbs too great to have been overlooked by the experienced physiologists who preceded them. It is true that Hunter and Royle were using goats instead of cats; but the most significant difference seems to be that in Hunter's experiments the decerebration was done some time after the destruction of the sympathetic. Some of van Rijnberk's experiments were made in the same way, but at any rate the lapse of time is the point which distinguishes Hunter and Royle's goat experiments fromn most of the earlier work.
Why should it matter whether the sympathetic is destroyed a shlort or a long time before the decerebration? Or rather, if the sympathetic is responsible for plastic tone, why should there be no loss of plastic tone immediately after the limb is deprived of its sympathetic supl)ply ? Why should we have to wait for some months before the effect becomes visible ? The most natural suggestion seems to be that the loss of the sympathetic does not produce a loss of the nervous impulses which are the immediate cause of tone, but it produces a loss of some trol)hic factor without which the muscle cannot carry out the tonic reactions so easily. Such an effect might be a direct one on the muscle-fibres or an indirect one on the bloodvessels.
But here, too, it is not so miiuch the theory as the facts that are in dispute. There is considerable doubt even about the delayed sympathetic effect. Meek and Crawford have recently carried out unilateral sympathectomy on dogs and have decerebrated them from thirty-three to seventy-seven days afterwards. Most careful tests were made to detect differences of tone in the two limbs but no significant difference was found. Kananel, Pollocks and Davies have repeated the classical experiment on cats and they again have found no significant difference. Some of these contrary results might perhaps be explained by the suggestion that the plastic tone was masked by an excessive contractile tone, but it is difficult to see how this can apply to Meek and Crawford's work, and difficult to understand what is meant by plastic tone if the fixed l)osture of decerebrate rigidity can be maintained without it.
We must conclude, then, that this delayed sympathetic effect does sometimes occur, at any rate in goats, though it is usually absent in dogs and cats.
Hunter's experiments on birds are more difficult to evaluate. They have been criticized by Walshe on the basis of Trendelenburg's work, and this criticism seems valid enough. But even if we grant that removal of the sympathetic has a more immediate effect on the posture of the bird's wing than it has on the posture of decerebrate rigidity in a cat or a dog, I do not think that we can conclude anything more than that the effect of sympathetic loss does develop more rapidly in birds than in mammals. We have no reason to conclude that there is an immediate loss of plastic tone in mammals.
On the experimental side, then, the balance of published evidence seems overwhelmingly against the view that the sympathetic sends out impulses which have a, direct controlling effect on posture, the length or the plastic tone of the limb muscles, an effect comparable to that of the cerebro-spinal impulses.
But I do not think the experimental work is enough to allow us to assert or to deny that in most mammals the removal of the sympathetic may ultimately lessen the power of the muscle to maintain a fixed attitude. If this were clearly demonstrated it would at least show some connexion between the sympathetic and tonic contraction. The sympathetic would be playing a very much less active part in the control of the muscle than Hunter and Royle suggested, but it would be playing a part of some kind. It is here that the operation of sympathetic ramisectomy may furnish evidence of value.
Hunter and Royle deserve very great credit for devising this operation. It introduced a new method of attack on the physiological problem, and it was well worth trying from the patient's point of view as well as the surgeon's and the physiologist's.
Everyone here is probably familiar with this side of their work and with the discussion which has centred round it. Hunter and Boyle considered that in cases of paralysis with an excessive plastic tone the operation of sympathetic ramisectomy did produce very great benefit indeed. Others have tried the operation and pronounced it a complete failure. Fortunately we have those present here to-night who will be able to tell us their own experiences of the operation. There are only two points about this side of the problem with which I wish to deal. The first is that it was not claimed for the operation that it would benefit all cases of spastic paraplegia, but only those in which increased plastic tone is a dominant feature. As I understand it Hunter and Royle considered that a rigid posture of the limbs with increased tendon reflexes and an extensor plantar response might all exist without any increase in plastic tone. The indications which Hunter gives are first the " lengthening and shortening reactions," the fact that the resistance to passive flexion or extension is at first considerable and then subsides suddenly. I cannot quite follow the argument here, since both kinds of tone are said to produce resistance to movement. The other indication is a slowness in execution of the tendon-jerks, or rather delayed relaxation. This narrows the field considerably and may account for some of the failures.
The other point is that the success of the operation would not necessarily imply a direct control of changes in length of the muscle by the sympathetic system. An immediate reduction in tone would certainly suggest this, were it not for the failure of so many of the animal experiments; a delayed effect would be much more likely to be due to some indirect consequence of the sympathetic removal, though it would be none the less gratifyiilg to the patient and none the less worth aiming for. In this audience one need not stress-the importance of distinguishing the effects of the operation on the patient's mind from the effects on his body.
In Royle's first case one cannot help feeling that the organic symptoms were overlaid by a good deal that was functional. However, enough time has now elapsed and enough operations have been done to allow us to make a fair estimate of their value, and I am very glad that we shall have the opportunity of hearing first-hand evidence on it to-night.
Professor G. ELLIOT SMITH; F.R. S.
It is hardly necessary to insist upon the difficulty of arriving at any definite opinion on the claims for the sympathetic innervation of striated muscle. Nor is this
